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Although genes associated with human autism spectrum disorders have been identified, bridging
the gap between genetics and the patchwork of behavioral deficits associated with the disease
remains an enormous challenge. Pen˜agarikano et al. (2011) now show that mice lacking CNTNAP2,
a gene that causes a rare form of epilepsy associated with autistic features and language impair-
ment, display similar phenotypes to their human counterparts, raising hopes that such models
may speed the identification of neuronal circuitries underlying the core features of autism.Disorders that affect behavior, including
both psychiatric conditions and develop-
mental disabilities, provide challenging
opportunities and pitfalls for neuroscien-
tists. In autism, a three-domain model de-
scribing deficits in communication, social
interaction, and fixated or repetitive be-
haviors and interests has proven useful
as a ‘‘grammar’’ to represent the nature
of the deficits and to yield reliable diag-
noses (Figure 1A). This model does not,
however, necessarily reflect functional
relationships between behaviors (Gotham
et al., 2007). Such limitations underlie
both the strengths and weaknesses of
bold, integrative approaches such as
those found in this issue in Pen˜agarikano
et al. (2011), which reports a comprehen-
sive and ambitious series of experimental
behavioral, neuropathological, and neu-
rophysiological studies of CNTNAP2
knockout mice.
CNTNAP2, a gene on chromosome
7q35, is of particular interest because it
has been shown to cause a rare form of
epilepsy (Strauss et al., 2006). These
patients have severe intellectual disabilities
and, like most individuals with severe
cognitive deficits, are described as havingfeatures of autism. Although it likely ac-
counts for fewer than 1% of cases of
autism spectrum disorder (ASD) (Sanders
etal., 2011),CNTNAP2hasalsobeenasso-
ciated with specific language impairment
(SLI), which is characterized by difficulties
with grammatical aspects of language ac-
quisition in the absence of related causes
such as hearing loss (Bishop, 2010).
CNTNAP2 is also a downstream target of
FOXP2, one of the first genes to have
been identified as a cause of SLI.
In common with some human
CNTNAP2 patients, CNTNAP2 mutant
mice have epileptic seizures and display
impaired migration of cortical projection
neurons, cortical neuronal synchrony,
and numbers of GABAergic interneurons.
To quantify the behavioral impact of these
anatomical and electrophysiological de-
fects, the authors assess knockout and
wild-type mice for behaviors considered
analogous to the three domains of autism.
Standards for interpreting behavioral data
in mouse models have become more so-
phisticated (Silverman et al., 2010). How-
ever, leaps made from findings to inter-
pretations are still often substantial
(Minshew and McFadden, 2011). Pen˜a-garikano et al. (2011) report multiple mea-
sures and address several confounding
factors such as potential olfactory impair-
ment and the effect of sedation. Most
striking, though not obviously anticipated,
is that the mutant mice have deficits
across diverse contexts and domains. On
average, mice lacking CNTNAP2 make
fewer social approaches and engage in
less vocalization and nesting. In contrast,
perseveration, grooming, and digging
(used to indicate repetitive behaviors) are
enhanced, as are overall levels of activity.
Treatment with risperidone, an atypical
antipsychotic drug licensed for the treat-
ment of autism, increases nesting and
decreases grooming, perseveration, and
hyperactivity. However, risperidone has
no effect on social approach or vocaliza-
tion. The authors propose that these
specific responses to pharmacological
intervention are likely a result of the be-
haviors being driven by distinct neural
circuits. Though the idea that social defi-
cits and repetitive behaviors in autism
are separable on an anatomical level is
appealing, the absence of any attempt
to address functional relationships be-
tween these deficits within individuals in
Figure 1. The Changing Landscape of Autism
(A and B) The three-domain model of autism in the Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV) (A), compared with the two-domain model
of DSM-V (B).analyses of multilevel behavioral data
makes conclusions about differences in
circuits across these domains very ques-
tionable. For example, juvenile play is
treated as an independent measure of
social behavior from nesting and groom-
ing, a repetitive behavior, and is analyzed
separately, when these behaviors seem
unlikely to be independent measures.
On a broader level, associations
among language delay, SLI, and ASD,
which account for much of the interest in
CNTNAP2, are also much more complex
than are typically acknowledged in ge-
netic studies (Bishop, 2010; Vernes et al.,
2008). This is, in part, because simple,
less interesting explanations, such as
associations between genetic findings
and overall level of ability or severity of
ASD, are often not ruled out (Hus et al.,
2007). Language difficulties in autism, in
which delays in comprehension and onset
are common, are not the same as those
found in specific language deficit, in which
grammatical aspects of expressive lan-
guage are most affected. Thus, overlap-
ping findings regarding CNTNAP2 in
autism and SLI are not necessarily evi-
dence of direct links between particular
behavioral deficits and specific genetic
loci. As is the case for similar parallels
between autism and schizophrenia or
ADHD, more developmental or functional
models are required.
This is most relevant for the findings of
Pen˜agarikano et al. (2011) because recent
conceptualizations of ASD contain onlytwo autism-specific domains (social com-
munication; fixated/repetitive behaviors
and interests), with language delays and
structural language deficits now treated
as separate (though important) diagnoses
thatmayormay not co-occurwith ASD, as
is the case for intellectual disabilities
(http://www.dsm5.org) (Figure 1B). Social
aspects of communication are considered
within a single social communication
domain. Fixated interests, over- or under-
reactions to sensory input, and simple
repetitive behaviors continue to be cate-
gorized within a single domain. However,
in contrast to the lumping together of
social communication deficits, there is
mounting evidence that different types of
repetitive/restricted behaviors are no
more related to each other than they are
to social communicative deficits (Richler
et al., 2007). If mouse models are justified
in terms of the analogs that they provide to
human behavior (Silverman et al., 2010),
the evolving specification of the nature of
autism in humans must be considered.
There is strong evidence that different
genes are associated with ASD, but in
almost all instances, these findings as
yet have no clinical implications. Whereas
standards in statistical genetics and for
the biological aspects of the genetics are
high, standards in genotype-phenotype
studies for clarity in what is hypothe-
sized, what is treated as a replication,
and how different findings are considered
in light of one another often seemcompar-
atively low. Pen˜agarikano et al. (2011)Cell 147, Srepresents some of the most impressive
research in this area through its attempts
to integrate genetics, behavioral studies,
and neural function and anatomy. It
also highlights the need for more com-
plex analyses, as well as for restraint in
making claims about different behaviors
that are not as simple or as distinct as
represented.
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